methodology? In considering these issues, binding and selectivity have been studied at both the complex formation and the polymer/imprint level.
Metal Ion Selectivity of the Test Ligand. As reported previously, when the complexing ability and metal ion selectivity of the macrocyclic ligand (A4cyclam, Structure 1) were investigated by equilibrium methods, it was Found that Cu(II)and Hg(II) bind billions of times more strongly that other common metal ions, suggesting a possible application for the prototypic soil poultice. Optimizing Hydrogen Bonding in MIPs. Table 1 summarizes the synthetic parameters, surface characterization, and rebinding capacity of a number of photochemically (indicated by "P") and thermally (indicated by "T") initiated MIPs, as well as a number of "control polymers" (no imprint). The morphological data show that all polymer samples are macroporous (surface in the defining range, 50-1000 m 2 /g). 35 For both modes of polymer initiation, surface area and pore volume decreased with the incorporation of the imprint molecule. 
Structure 1
Since relatively weak non-covalent interactions are favored by low temperature, 1,2 our first polymers were formed by photoinitiation at 4ºC, but all rebound less than 15% of the theoretical capacity and showed very little increase in rebinding capacity attributable to imprinting (MIP P2 bound only 1.16 times the non-imprinted P1). The inferior performance of photo-polymers has been attributed to the heterogeneous polymerization process 3 . In contrast, thermally initiated polymers displayed larger surface area 4 and much higher rebinding. In fact, the observed value of 26.8% is superior to those previously reported for polymers imprinted by hydrogen bonding alone.
1,5 Simultaneously, rebinding capacity attributable to the imprinting effect was greater (T2 and T1, 26.8/16.8= 1.60).
According to the work of Shea et al. on the chromatographic separation of enantiomers, the performance of MIPs was improved upon heat treatment after removal of the imprint. 5 Accordingly, T5 was heated at 120ºC overnight before rebinding and the re-uptake increased from 19.5% to 24.3%. Also, T2 was used repeatedly and reuptake increased from 26.8% to 35.0% in the 4 th run. Very recently Nicholls et al. reported 6 that polymers retained their affinity (≥95%) for the imprint on exposure (24 h) to 10 M HCl. In our work T2 was shown to be resistant even to the very strong oxidizing agent, concentrated nitric acid, although the surface area and pore volume were decreased from 311 m 2 /g and 0.38 cm 3 /g to 229 m 2 /g and 0.28 cm 3 /g, respectively.
The use of N,N'-ethylenebisacrylamide (EBA) as crosslinking monomer. Polymer recognition of the metal complex was also found with the functional groups located on the crosslinker, N,N'-ethylenebisacrylamide (EBA), in the absence of acrylamide. Remarkably, the nickel reuptake corresponded to 187.7% of the amount of imprint originally used. This excess capacity reflects the large excess of amide groups on the crosslinker. On the other hand, the value for the control polymer P7 was only 108.7% (calculated on the basis of the imprint in P8). The difference 79%, indicates a high rebinding percentage at the imprinted sites. The corresponding copper complex, [Cu(A4cyclam)](ClO 4 ) 2 , was used in parallel experiments with essentially the same results. It must be emphasized that this remarkable imprinting capacity is due to hydrogen bonding alone. The minor ligand, vinyl pyridine as a second (or third) mode of interaction. When vinyl pyridine was added as a second functional monomer (in addition to acrylamide) rebinding was increased by a factor of about three. Incrementally increasing the concentration of 4-vinylpyridine by replacing equivalent amounts of acrylamide affords substantial improvement in the imprinting effect for the MIP's (Q4, Q5, Q6 through Q7). Like electrostatic attraction, this mode of interaction offers promise of synergistic bimodal binding of the rebound imprint. The data in Table 4 show a striking effect of excess functional polymer. As the excess of the functional monomer (4-vinylpyridine) increases from 2:1 to 6:1, the rebinding capacity increases from barely detectable to 95%. Table 5 . Here the performance of the imprint improves by 2.7 times as much as the blank, for 4-vinylpyridine, and 3.5 times for acrylamide. 
Studies on Switch-binding with Generation 1 Ligands
In the switch-binding concept, a linear ligand (L 4 in Scheme 1 below) binds very rapidly to the targeted metal ion, Ni 2+ . This linking is followed by ring closure about the metal ion to form a complex of the macrocyclic ligand (L 8 ). In theory, the ring closure could be very rapid, in which case, switch-binding will have occurred more rapidly than the same metal ion (Ni 2+ in this case) could have bound to the free macrocycle (assuming it would be available). 4 also made possible a very limited number of kinetic measurements and these have been reported previously and were viewed as supporting the concept. 7 Although the synthetic procedures for L 4 and L 8 have changed only in detail, much of our researchers' time continues to be spent in making the ligands necessary for this work.
The reaction of Ni 2+ with L 4 involves reactions in two time regimes, the first in fractions of seconds and the second in hours. Both processes are accompanied by increases in visible light absorbance, as expected for formation of a square planar nickel(II) complex. In the discussion to follow, capital K represents equilibrium constants and lower case k, rate constants. The equilibrium constants for L 4 were determined in our earlier studies. Using our Hi Tech stopped flow spectrophotometer, measurements for the fast process were made as functions of pH (pH range 5.6 to 7) and [L 4 ] (10 to 30mM, held in excess; I = 0.2 KNO 3 , 25 o C ) in the presence of nickel(II), whose spectral absorbance at 380 nm was the reaction variable. Study of the dependence on [L 4 ] revealed the expected behavior in which a forward reaction rate (formation of the complex) is proportional to [L 4 ], and a reverse reaction rate is independent of [L 4 ]. The pH dependence reflects the fact that the ligand exists in solution as a mixture of species differing in the extent of protonation. The mechanism is described by the following equations: The fast process proceeds with a half-life in the 40 millisecond range, and the first events involve the usual reversible binding of one or two ligand sites to the metal ion. The slow reaction presents a greater challenge. Very commonly macrocyclic ligands first form complexes in conformations that do not produce the most stable final product. Consequently, slow reactions often follow macrocyclic complex formation. The question then becomes "is our slow reaction such a rearrangement or is it the ring closure step?" Because the ligand is rare and needs to be used in excess, the slow reaction was studied over the limited pH range from 6.9 to 7.9, with a constant . A non-linear increase in rate with pH was observed. The model that quantitatively describes the slow reaction involves a rapid proton dissociation followed by a rate-determining rearrangement step. At room temperature this slow reaction proceeds with a half-life of 5 hours around neutral pH. The reaction is solely due to the monoprotonated precursor complex, NiLH 3+ . Further, because the equilibrium constant for the deprotonation step has been found to be about 10 -7 M, a substantial amount of NiL 2+ is available for reaction. Since the rapid and slow processes are so well separated in time, mass spectrometric studies were conducted to demonstrate the compositions of the intermediates and products. Scheme 1 shows that the ligand loses a mole of water when macrocyclization occurs. During the short reaction times (milliseconds to minutes) the nickel-containing intermediates were shown to contain only the beginning ligand, L 4 (the mole of water is still in the ligand composition). On the time scale of hours, the mass spectrometry clearly establishes the appearance and eventual dominance of the macrocyclic complex. Therefore for this system, macrocyclization is slow compared to initial complex formation.
Studies on Switch-binding with a Generation 2 Ligand
Generation 2 ligands for switch-binding take advantage of a macrocycle as a basic structural element for capturing ions. Attached to the macrocycle is a lariat arm capable of additional interactions in the presence of targeted ions, including conversion of the ligand to a molecular cage within which the templating metal ion is captured, as illustrated in Scheme 2. This derivative offers a faster alternative to the capture of metal cations because the cation can avoid the high-energy transition state that requires it to squeeze between the bridge arms of the cryptand in order to reach the central cavity.
Scheme 2
The synthetic sequence and the current stage of that synthesis are indicated for Lariat ether in Scheme 3. Steps 1 -4 have been accomplished and steps 5 -9 will be completed during the next month. 
Scheme 3. Synthetic Route to Lariat Macrocycle

Studies of the Switch-release Principle
Selective capture followed by isolation and then photochemically initiated release of specific ions has been the goal of our research program. Our approach involves first the selective encapsulation of a metal ion by a photoreactive cryptand crafted to capture ions based on size and coordination. We chose the o-nitrobenzyl group for photoactivation based on our extensive review of the photochemical literature. 8, 9 Our choice for a target is the photoactive o-nitrophenyl cryptand (oNPC) 10 2 in methanol followed by filtration and concentration. We have characterized these cryptates by mass spectrometry and NMR where possible. We are in the process of attempting crystallization for x-ray structure determinations of selected members of the series. These ionic cryptates are generally water-soluble and are easily maneuvered for chemical and photochemical studies. We have selected two for initial photochemical investigation, the Ca +2 -cryptate and the Co +2 -cryptate, to test the effect of spin multiplicity of the ion on the photochemistry. Diamagnetic groups should have no effect but paramagnetic ions could potentially quench the photochemistry by deactivation of the excited state if the triplet manifold were the reactive state of the chromophore. Quantum efficiencies of Ca +2 Cryptate disappearance. The quantum efficiency of Ca(BF 4 ) 2 cryptate disappearance was determined in water at 300 nm using the potassium ferryoxalate actinometry. Similarly the quantum yield of disappearence of the Ca(SCN) 2 cryptate was determined to be 0.44 (Figure 2 ). Quantitative analysis of the Ca +2 release using Calcium electrode. The release of calcium was quantified using a calcium electrode. A 2 mL solution of Ca(BF 4 ) 2 cryptate (13.8 mM; 1 eq Ca(BF 4 ) 2 ) in water was added to 17.6 mL of MOPS buffer solution (pH 7) containing 0.4 mL of 4M KCl (to adjust the ionic strength). A 3mL aliquot of the cryptate solution was taken each time into a cuvette and photolyzed at 300nm (Rayonet Reactor) for 0, 1, 2, 4, and 6 min and the calcium electrode signal recorded. The results show that when one equivalent of Ca(BF 4 ) 2 is stirred in the presence of the cryptand, 95% of the Ca +2 was incorporated into the cryptand. It was found that upon photolysis of the resulting cryptate in water, ~ 40% of the Ca +2 was released, based on the disappearance of the cryptate. The quantum efficiencies of the Ca +2 uptake, photorelease from the cryptate, and affinity for the opened cryptate (macrocycle) were determined. The results for the release are shown in Table 6 . The Co +2 -cryptate was also investigated. Surprisingly, its photochemistry also followed precedent and released Co +2 with nearly the same efficiency, showing little or no effect due to the presence of the paramagnetic Co +2 . This is an important finding and opens the way for future studies with ions such as Hg +2 that are known paramagnetic triplet quenchers in photochemistry.
